Objective: To assess the prevalence of and explanations for wheat avoidance, including reported symptoms, diagnoses and information sources influencing the decision to avoid wheat, and to investigate potential psychological predictors of this behaviour. Design: Cross-sectional population survey. Setting: The study was conducted in Australia, using a nationwide postal omnibus survey. Subjects: Adults aged 18 years and over (n 1184; 52·9 % female) selected at random from the Australian Electoral Roll. Results: With cases of stated and suspected coeliac disease (1·2 %) excluded, 7·3 % of the sample reported adverse physiological effects, predominantly gastrointestinal, that they associated with wheat consumption. Few among this group (5·7 %) claimed a formally diagnosed intolerance or allergy requiring avoidance of wheatbased foods. Symptomatic wheat avoidance was highly correlated with dairy avoidance and predicted by gender (female), lesser receptiveness to conventional medicine and greater receptiveness to complementary medicine, but not by neuroticism, reasoning style or tendency to worry about illness.
Wheat is an important cereal grain, and refined wheat-based products provide a significant fraction of daily energy intake (as starch) in the USA and similar countries (1) . Wholegrain cereals make an additional contribution to health by supplying a range of other nutrients including protein, fibre, vitamins and minerals. In Australia, cereals (principally wheat) supply over 30 % of the total dietary fibre intake (2) . It is well known that wheat can also elicit clinically important adverse reactions in some individuals, of which coeliac disease is the most widely recognised. Coeliac disease is a serious autoimmune disorder triggered by gluten, a class of proteins (including gliadins and glutenins) contained in wheat grains, and similar proteins found in barley (hordeins) and rye (secalins) (3, 4) . The symptoms of coeliac disease include diarrhoea, abdominal distension, failure to thrive (in children) and weight loss. Atypical coeliac disease is characterised by extraintestinal manifestations, such as anaemia, short stature, arthritis, osteoporosis and infertility (5) . Wheat is also recognised as a potential food allergen (6) , with ingestion in affected individuals eliciting immediate typical IgE-mediated reactions including urticaria, angioedema, bronchial obstruction, nausea and abdominal pain, or, in severe cases, systemic anaphylaxis. Delayed hypersensitivity symptoms may appear about 24 h after wheat ingestion and include gastrointestinal symptoms and exacerbation of atopic dermatitis (7) . While both coeliac disease and true wheat allergy occur relatively infrequently, with estimated prevalence rates of 1 % or less in the Australian population (8) , research suggests that a much greater proportion of the population may be avoiding wheat-or gluten-based products than would be expected from these figures (9) (10) (11) . This dietary trend is suggested in the burgeoning availability of gluten-free food products (9) and the increasing popularity of gluten-free grains (11) . Concurrent with this is research activity in the USA, Europe and other parts of the world on possible physiological explanations for the avoidance of wheat, on the premise that it is symptom-driven. Initial explanations included increased prevalence of undiagnosed coeliac disease (5) and broadening the spectrum of gluten-related disorders to include the possibility of non-coeliac gluten sensitivity (9, (12) (13) (14) (15) (16) (17) . Recently other, non-gluten, constituents of wheat have been implicated in the triggering of symptoms in non-coeliac individuals: in particular, the intestinal malabsorbtion of short-chain carbohydrates (fermentable oligo-, di-and monosaccharides and polyols (FOD-MAPS)) (18, 19) and the potential contribution of α-amylase/ trypsin inhibitors (20) . This focus on identifying ways in which the consumption of wheat might trigger symptoms in some people casts little direct light on the practice of wheat avoidance and the basis for it. We report an Australian population survey in which we examined the prevalence of and reported reasons for wheat avoidance. We also asked about symptoms and diagnoses leading to the decision to avoid wheat and investigated the possible association of wheat avoidance with other health conditions and behaviours. Among the behaviours considered was avoidance of dairy foods, as an analysis of market research attitudinal data had shown rejection of wheat and dairy products to be highly correlated (B Bajka, D Topping, P Mohr et al., unpublished results). We also examined possible predictors of the behaviour, including whether attitudes to different treatment approaches and certain psychological characteristics -specifically an anxious disposition, tendency to worry about illness and a propensity for a less analytical and/or more intuitive reasoning style -may predispose some individuals to avoid wheat.
Method

Study design
We employed a cross-sectional survey design using data obtained through the Commonwealth Scientific and Industrial Research Organisation (CSIRO) Food and Health Survey.
Participants
Three thousand surveys were distributed to a proportional stratified random sample of eligible voters selected from the eight States and Territories of Australia (the strata) by the Australian Electoral Commission. One hundred and thirty-three surveys were returned uncompleted due to death (n 2), infirmity (n 11), language difficulties (n 2) or unknown whereabouts of the addressee (n 118), and 1184 completed forms were returned (a response rate of 41·3 %). The sample consisted of adults aged 18 years and over: 527 males (44·5 %), 626 females (52·9 %) and thirtyone not specified (2·6 %); mean reported age was 51·64 (SD 16·78) years. Observed gender and age distributions were significantly different from population estimates (χ 2 (1, n 1148) = 6·02, P = 0·01; χ 2 (6, n 1144) = 149·78, P < 0·01 respectively), with women and older people overrepresented. The data were weighted to adjust for this in the calculation of population prevalence estimates but not in other analyses.
Procedure
The CSIRO Food and Health Survey was a 200-item postal omnibus survey conducted between December 2010 and February 2011 assessing attitudes and behaviours in response to health, diverse foods and food characteristics, and diet, as well as more general attitudes and personal characteristics. A subset of these items, spread across seven labelled sections of the survey, provided the data for the present study; this manner of obtaining data for multiple studies protects against signalling to participants specific hypotheses of interest. A letter informing potential participants of the survey was sent one week before distribution of the survey forms. A follow-up letter was sent to the entire sample two weeks after survey distribution. This second letter served both to thank those individuals who had already completed the survey and to remind those who had yet to respond that there was still time to participate. The survey package included a replypaid envelope and a CSIRO-labelled ballpoint pen. Participation was anonymous. The study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the CSIRO Human Research Ethics Committee.
Variables
In a section of the survey labelled 'Avoidance of wheat and/ or dairy products', participants were asked whether they avoided eating or drinking foods or beverages containing wheat. Those who answered in the affirmative were asked: (i) whether they avoided all or only certain wheat products and, if so, to specify which; (ii) to state their main reason for avoiding consumption of wheat products; (iii) to identify any reaction experienced to wheat consumption from a list of eighteen physical and psychological symptoms including typical gastrointestinal and allergic reactions and disturbances of mood; (iv) to indicate on a three-point scale ('not at all', 'somewhat', 'very much') the extent to which each of seven medical or non-medical sources of recommendation or information had contributed to their decision to avoid wheat products; and (v) whether their avoidance was in response to a formally diagnosed condition and, if so, to specify the condition. An otherwise identical set of questions addressed the avoidance of dairy products; of these, only responses to the initial filtering question were used in the present analyses.
Other sections of the survey contained questions relating to health and diet, as well as attitudinal and other psychological measures. The following measures were used for the present study.
Neuroticism, a personality dimension characterised by proneness to anxiety and other negative emotions, was measured with the NEO-N Domain (21) . Participants rated nine statements (e.g. 'I often feel blue', 'I panic easily') on a five-point scale, where 1 = 'completely false' and 5 = 'completely true' (mean = 2·41, SD = 0·69, α = 0·80). A tenth item ('I seldom feel blue') was omitted to avoid redundancy.
We used the ten-item version of the Rational-Experiential Inventory (REI) (22) , which comprises five items drawn from the Need for Cognition Scale (23) and five items from the Faith in Intuition Scale (22) , each item scored on a five-point scale from 'completely false' to 'completely true'. Higher subscale scores represent increased reliance on analytical (mean = 3·51, SD = 0·82, α = 0·75) and intuitive reasoning (mean = 3·77, SD = 0·74, α = 0·86), respectively.
In a section addressing general health information, participants were asked to indicate whether they had ever been diagnosed with any of a list of twelve conditions, including bowel disorders and various allergies. We measured worry about illness with four items from the Whitely Index for the assessment of hypochondriasis (e.g. 'Do you often worry about the possibility that you have got a serious illness?') (24) . Responses were made on a five-point scale, where 1 = 'not at all' and 5 = 'very much' (mean = 2·52, SD = 0·87, α = 0·82), as previously used by Barsky et al. (25) . In the same section of the survey, we asked respondents how likely they would be to take each of ten actions 'for health matters of various kinds'. The actions included 'Consult a doctor', 'Consult a naturopath' and 'Take supplements or vitamins'; responses were made on a scale from 1 = 'definitely not' to 7 = 'definitely'. Suitability of the data for factor analysis was confirmed by a value of 0·74 on the Kaiser-Meyer-Olkin measure of sampling adequacy and a significant Bartlett's test of sphericity (P < 0·001) (26) . Parallel analysis, using a Monte Carlo analysis with 1000 replications, suggested the extraction of two factors. Following principal axis factoring with varimax rotation, we calculated scores on two subscales, which we named 'Receptiveness to conventional medicine' (four items: mean = 5·30, SD = 1·07, α = 0·75) and 'Receptiveness to complementary and alternative medicine' (six items: mean = 3·74, SD = 1·12, α = 0·71).
Statistical analyses
Prior to analyses, the pattern of missing data for the continuous variables was investigated with the Missing Values Analysis module in IBM SPSS Statistics 20. Little's MCAR test (27) showed that the data were missing completely at random (χ 2 = 28 701·40, df = 28 818, P = 0·69); consequently, missing values were imputed using the expectation maximization (EM) algorithm. This method replaces missing values with iterative maximum likelihood estimations based on the available data. Descriptive statistics were calculated to provide frequency distributions and cross-tabulations of key variables. Responses to the symptom check-list were subjected to cluster analysis to determine if there were commonalities in the pattern of symptoms reported that could be used to group wheat avoiders meaningfully. The χ 2 test of independence and Fisher's exact test, as appropriate (28) , were used to examine associations between categorical variables. Predictors of wheat avoidance were assessed by means of multivariable logistic regression.
The statistical software package IBM SPSS Statistics 20 was used for all analyses.
Results
Preliminary analyses
Of all participants who returned completed questionnaires, 126 (10·6 %; 10·7 % age-and gender-weighted) indicated that they were currently avoiding products containing wheat (6·1 % of all males, 14·5 % of all females and three of undisclosed gender).
This number included twenty-five (2·1 %; 2·6 % weighted) who reported avoiding wheat for reasons other than health-related symptoms. Explanations given included having a family member with coeliac disease (n 4), body weight-related factors (n 5), personal taste or preference (n 5) and other reasons (n 11). The remaining 101 wheat avoiders (8·5 %) reported experiencing at least one negative reaction to the consumption of wheat-based products. From a cluster analysis of reported symptoms, we identified two distinct symptom clusters in this group: one containing the considerable majority of cases (n 92); and the other (n 9) comprising a number of highly symptomatic cases, each reporting between eight and thirteen symptoms. The type and number of symptoms reported by this second cluster typically reflected those commonly associated with coeliac disease (i.e. fatigue, diarrhoea, constipation, bloating, abdominal pain, nausea or vomiting, irritability). Moreover, five individuals in this second cluster reported having been formally diagnosed with coeliac disease, and we therefore classified all nine cases as putative coeliac patients. We extended this classification to include five cases from the larger cluster who also reported a diagnosis of coeliac disease (total n 14; 1·2 %; 1·1 % weighted). We excluded these fourteen cases for which we had reasonable grounds to suspect coeliac disease from further analysis. Figure 1 outlines the process of classifying participants.
Main analyses
All subsequent analyses focused on the remaining eightyseven (7·3 %; 7·0 % weighted) symptomatic wheat avoiders. Of this group, forty-eight (55·9 %) nominated physical reactions as their main reason for avoiding wheat, thirteen (14·9 %) nominated an intolerance or allergy, and ten (11·5 %) gave no reason. Six (6·8 %) of the references to intolerance or allergy specified gluten as the trigger; there were no other references to gluten. Table 1 shows the distribution of symptomatic wheat avoiders by sex and extent of avoidance. Partial wheat avoidance was reported more frequently than full avoidance, and prevalence of avoidance was greater in women (11·0 %; 10·8 % weighted) than men (3·0 %), χ 2 (1, n 1153) = 26·72, P < 0·001. When partial avoiders (n 64) were asked to list which wheat products they were avoiding, the most frequently nominated foods were bread (44·9 %), pasta (16·3 %), breakfast cereals (14·3 %), unspecified refined white flour products (12·2 %) and cakes, biscuits or doughnuts (10·2 %).
Among the eighty-seven symptomatic wheat avoiders, the most commonly reported reactions were 'bloating or wind', 'stomach discomfort or cramps' and 'feeling sluggish and tired'. Only 14·9 % of avoiders did not report either bloating or cramps. Table 2 lists the frequency of occurrence of all eighteen symptoms; these did not differ significantly between self-reported complete and partial avoiders. Only 16·1 % (n 14) of symptomatic wheat avoiders reported having a formal diagnosis that required them to avoid wheat. When they were asked to specify the condition, responses occurring more than once were gluten intolerance (n 3; 3·4 %), irritable bowel syndrome (n 3; 3·4 %), diverticulitis (n 2; 2·3 %) and (unspecified) allergy (n 2; 2·3 %). Table 3 shows the frequency of past diagnoses reported by the eighty-seven self-identified symptomatic wheat avoiders and the rest of the survey sample (with the fourteen putative coeliac cases excluded). Symptomatic wheat avoiders were significantly more likely to report a past diagnosis of irritable bowel syndrome (IBS), depression, food sensitivity or food allergy. Table 4 shows the results of a multivariable logistic regression for the prediction of symptomatic wheat avoidance. Relative to the rest of the sample (minus the fourteen putative coeliac cases), wheat avoidance was significantly predicted by being female, more receptive to complementary medicine and less receptive to conventional medicine. It was not significantly predicted by any of the psychological variables, although a positive association with analytical thinking approached significance. Cross-tabulation of avoidance data revealed that 52·9 % of symptomatic wheat avoiders also reported avoiding dairy products. Figure 2 shows the rated influence of seven information sources on the decision to avoid wheat products. Ratings of 'very much' ranged from 4·6 % for the Internet to 23·0 % for a naturopath as an influential source.
Discussion
We believe that this is the first population survey that addresses the issue of wheat avoidance. Several key points emerge from the data. The first is that individuals reporting a diagnosis of coeliac disease formed a very small proportion of those reporting wheat avoidance. Of the 10·7 % of survey respondents (population-weighted by age and gender) who reported avoiding wheat, we classified approximately one-tenth as putative coeliac cases (and outside the scope of the present study) on the basis of claimed diagnoses (0·8 % weighted) or reported symptoms (0·3 % weighted). Whether our classification of this group is medically appropriate cannot, of course, be verified; however, at 1·1 % overall (weighted), their representation in the sample corresponds closely to an estimate of the prevalence of coeliac disease in Australia based on data from a regional community (8) . Also excluded from further study were a number of respondents (2·6 % weighted) who attributed their avoidance of wheat to family needs, weight concerns and more idiosyncratic factors. The remaining group of wheat avoiders, amounting to 7·0 % (weighted) of the sample, attributed a range of adverse symptoms to the consumption of wheat. What is notable about these is the high prevalence of gastrointestinal symptoms, especially bloating or wind, and the almost complete absence of symptoms that might indicate an allergenic response. Fewer than 6 % of these symptomatic wheat avoiders invoked formally diagnosed food sensitivity, and non-medical information sources were prominent among rated influences on the decision to avoid wheat. Symptomatic wheat avoidance was predicted by gender (being female), a lesser receptiveness to conventional medicine and a greater receptiveness to complementary medicine. It was not predicted by a lesser propensity for logical thought or an anxious disposition, either in general or in relation to health; no causal inferences can be drawn from the observation that symptomatic wheat avoiders (32·9 %) were more likely to indicate a past diagnosis of depression than non-avoiders (19·5 %). Overall, the data indicate that the decision to avoid wheat relies substantially on a non-medically diagnosed connection between ingestion of wheat products and gastrointestinal symptoms. Both the symptoms reported and the lack of diagnosis are important to any attempt to understand this behaviour.
Symptoms and mechanisms
The pattern of symptoms reported suggests strongly that there is an environmental component involved, but provides no a priori support for undiagnosed coeliac disease or wheat allergy as a factor. The relatively frequent reporting of bloating or wind and cramp indicates disordered large bowel fermentation, which has also been recorded in IBS patients (29) . This raises the possibility that the symptoms triggering wheat avoidance are merely an aspect of IBS; indeed, symptomatic wheat avoiders were more than twice as likely as non-avoiders to report a past diagnosis of IBS.
A diagnosis of IBS itself embraces a variety of possible environmental triggers, including dietary factors (13, 30) , with a discrete group of rapidly fermented dietary carbohydrates, referred to by the acronym FODMAPS (14, 31) , and food chemical ingestion among those specifically implicated (32) . Some of these components may be present in some wheatbased foods, but our data on which foods in particular are being avoided may not be instructive. Those symptomatic individuals who reported selective avoidance most frequently identified bread; this may reflect the high level of fructans (fructo-oligosaccharides) in wheat flour or merely the ubiquity of bread in the Australian diet. Similar points might be made in respect of the other frequently nominated foods. Nor can we rule out the possible effects of other ingredients. The search for possible mechanisms is likely to be further complicated by evidence that patients may report symptoms of intolerance in the absence of changes in clinical indices (e.g. breath hydrogen) (33, 34) . Further, while serological and histological markers have been identified that may be able to distinguish between non-coeliac wheat sensitivity, IBS and coeliac disease, wheat sensitivity is a heterogeneous condition comprising various subgroups displaying different clinical characteristics (15) . Findings with clinical populations have associated perceived food sensitivities with psychogenic factors, such as anxiety and negative affect (35, 36) , in a possible cycle of heightened perception and subsequent misattribution of bodily symptoms (37) . Our findings indicate that it would be mistaken to characterise symptomatic wheat avoidance as the behaviour of an overly anxious, intuitive or non-rational subset of the population; nevertheless, the phenomenon has apparent parallels in a widespread tendency for the invocation of allergies and intolerances on the basis of questionable diagnoses, including self-diagnoses (38) . Consequently, whereas the study of adverse reactions to wheat is currently well served by attempts to understand non-coeliac gluten intolerance (9, 13, 14) and wheat sensitivity (15) and indications of the possible roles of non-gluten wheat constituents such as FODMAPS (31) and α-amylase/trypsin inhibitors (20) in IBS-like symptoms, it seems unlikely that these will provide a full explanation for symptomatic wheat avoidance.
Diagnosis, self-diagnosis and poly-avoidance
The relatively few allusions to diagnoses also provide little clue to possible mechanisms. With the decision to avoid wheat-based products influenced substantially by nonmedical sources, few symptomatic wheat avoiders related the practice to management of a specific medical condition and fewer (5·7 %) to a formally diagnosed food sensitivity. However, a substantial number (38 %) reported that they had at some time been diagnosed with a food sensitivity or food allergy. Perhaps these subsequently identified diagnoses were not considered 'formal' (i.e. medically supported) or perhaps they related to foods other than wheat. In the latter case, we might ask which other foods wheat avoiders could be avoiding and how a diagnosis of sensitivity to one food might come to predict avoidance of another.
It is noteworthy in this context that more than half of symptomatic wheat avoiders also reported avoiding dairy foods. Although we are aware of no other reports of widespread overlap in avoidance of wheat and dairy, a recent New Zealand study found that doctor-diagnosed lactose intolerance was a significant predictor of gluten avoidance (OR 5·2) in children without diagnosed coeliac disease (16) . Physiologically, lactose and gluten have in common the fact that each has been associated with IBS-like symptoms in sensitive individuals (12, 39) . There are conceptual links also between gluten and lactose and between wheat and dairy. 'Gluten free' and 'lactose free' are both permitted claims in Australian and New Zealand food standards, and complementary medicine practitioners widely advocate avoidance of wheat and dairy foods. This backdrop of implicit and explicit cautions raises the possibility that the link between wheat avoidance and dairy avoidance is at least partially social-psychological in origin. It suggests the possible operation of simple heuristics by which people classify foods as fundamentally good or bad (40) .
Clinical implications
Our findings appear to accord with observations that many people with perceived food intolerances do not seek medical advice regarding their symptoms (41) , opting either to endure their symptoms or treat themselves (10, (41) (42) (43) , generally by eliminating the foods in question from the diet (10) . This behaviour has a number of clinical and public health implications. Studies of patient groups prescribed exclusion diets -e.g. people with coeliac disease -document the substantial costs of these to both patient quality of life and public health budgets (44, 45) . A risk for the selfdiagnosed is that the misinterpretation of symptoms may lead to unnecessarily restrictive diets and potentially serious dietary imbalances (46, 47) . The short-term benefits of alleviating adverse symptoms should be weighed against the long-term health consequences of eliminating dietary factors and their related nutrient profiles. A more critical risk is that self-diagnosis of symptoms as due to a food intolerance may lead to delays in diagnosis and treatment of potentially serious underlying medical conditions.
Strengths and limitations
Limitations of the present study lie in the inevitable reliance on self-report data. Our data on symptoms, diagnoses and medical conditions are participants' accounts of these, based on their memories and interpretations; substantiation of these is beyond the scope of a population survey, as is the detailed analysis of dietary practices and medical histories. The risk of social desirability bias is lessened here by participant anonymity (48) , and embedding the study in an omnibus survey offers enhanced protection against demand characteristics cuing participants to respond in certain ways (49) . Strengths of the study lie in the use of a probability sample, drawn from the national population and of sufficient size to permit the study of minority sub-populations, three relatively uncommon characteristics in survey research. Although the response rate of 41 % is substantial for a community survey (50) , response rate is a poor index of the representativeness of a sample (51, 52) .
Deviations from the population distribution of age and gender were identified and adjusted for, but this does not rule out the possibility of sampling bias in favour of people with an interest in food or health. We can draw some comfort, however, from the correspondence between estimates of potential prevalence of coeliac disease based on our national survey data (1·1 %) and the comprehensive screening of a community cohort (0·96 %) (8) .
Future directions
At the population level, a prevalence of ostensibly noncoeliac symptomatic wheat avoiders of 7·0 % translates to more than 1 million Australian adults. Even allowing for some inflation through sampling bias, this makes wheat avoidance a significant public health matter. Our data raise important questions for medical practitioners and allied health professionals who may well be unaware that their patients may be avoiding important mainstream foods. The fact that symptomatic wheat avoidance appears to occur overwhelmingly as part of a self-prescribed elimination diet indicates the need for an intensive investigation of the experiences that have led a significant segment of the population to embark upon such a path.
The findings point to a number of other directions for further research. One of these, as in the case of coeliac patients, is the question of the nutritional adequacy of the diet in the absence of wheat products, especially dietary fibre, B-vitamins and iron (53, 54) . Another is the study of physiological mechanisms capable of explaining why some people might experience certain symptoms on consumption of particular food components commonly found in wheatbased products and other foods. A third is the extent and nature of poly-avoidances, which add to the potential for nutritional imbalances and complicate the already difficult task of identifying a specific food component as the source of symptoms, let alone a physiological mechanism. Also of interest in this context is whether, where multiple foods are avoided, their elimination was undertaken incrementally or simultaneously, with any perceived benefits attributed to a change of diet in general rather than any aspect of the diet specifically. A final question concerns the relationship between the avoidance of wheat, as examined here, and the apparently widespread avoidance of gluten, at least as reflected in the demand for gluten-free foods and the interest of researchers in a non-coeliac sensitivity to gluten. The fact that so few symptomatic wheat avoiders nominated gluten as the critical agent in their symptoms cautions against the assumption that the factors associated with wheat avoidance substantially explain the avoidance of gluten.
Conclusions
Our findings show that a significant proportion of the ostensibly non-coeliac Australian adult population, predominantly female, is avoiding the consumption of wheatcontaining products. This behaviour is associated with physiological symptoms that are largely of gastrointestinal origin, may also include tiredness, but exclude signs of allergy. Although its origins appear to fall largely outside mainstream medicinal practice, wheat avoidance is not a behaviour to be dismissed as the product of anxious or illogical reasoning. As a dietary behaviour that is apparently already practised in a great number of households in Australia and is a matter of concern in many other countries, wheat avoidance looms as a significant public health issue in urgent need of closer investigation. There is a pressing need to establish the physiological basis or bases for the practice and to determine the consequences for nutrient intakes in those people affected. Whatever the physiological mechanism(s), it is noteworthy that the practice consistently occurs in the absence of a formal medical diagnosis. This makes it of added interest both as a model for avoidance of other foods and for what it may reveal about contemporary health-related diagnostic and decision processes. It is possible that the elimination of foods deemed to be suspect on some grounds is part of a more general public health trend towards self-diagnosis and self-management of symptoms.
